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1 BACKGROUND
The Concepts Evaluation Model (CEM) is a theater combat simulation

model which resolves combat at the Blue brigade and Red division level.

As with all combat simulation models, input derivation for attrition and

maneuver data is a major task. The basic structure of the CEI inputs

include (1) the weapon characteristics for the battle engagements and

I (2) the resources available to each opposing side (Red and Blue).

i One of the basic ingredients in the weapon characteristics descrip-

* tion, as used in the CRt, is the 'firepower potential." This is a number

(value) derived for each weapon type, for each engagement type, as a

-I function of the quantity of expected rounds expended, the lethal area of

a round, a correlation coefficient which equates lethal area to the

I probability of kill and a battle intensity factor. These firepower values

are used in the CEM to compute the combat attritions and FERA movements.

* Built into these numbers and the algorithm to compute the attrition is: )
/1. All shooters have an equal capability to engage all

targets, thus the firepower is equally distributed

among all targets.

2. In any type of engagement each weapon expends an

expected quantity of rounds regardless of the

* Iquantity of targets.

3. The allocation of fire fails to include variations

in target availability.

This report documen.:s a proposed attrition and calibration process

0intended to offset these present shortcomings. This new attrition pro-

cess is centered around an algorithm developed at the US Army Concepts

Analysis Agency by Dr. Alan Johnsrud. Its principal feature is its use

of battle attrition, as generated by a high-resolution model, to

calculate attrition for differing combat situations.
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2 SPECIFIC TASKS

The objective of this study was to assist in the modification of

the Concepts Analysis Agency (CAA) version of the CEM in support of

follow-on effort to the Army Heavy/Light Forces Study; specifically,

I, by developing an improved capability for calibration of the CEK's

attrition calculations to that of a high-resolution model and improved

flexibility in CEK to represent variations in theater defensive concepts.

The report is divided into two sections. The first section

9 It describes Dr. Johnsrud's algorithm, the design of the proposed

attrition process (algorithm) in the CH4 and the results of some computer

generated parametric variations of the algorithm. The second section of
this report describes the new rule structure and logic for the CEK to
simulate fixed fortified defensive lines.

The FORTRAN program used to test the attrition algorithm is con-

tained in the appendix. This program was originally programmed by Mr.

Jerry Schultz of the US Army Concept Analysis Agency (CAA) and modified

by the author. The program currently resides in the CAA Univac Computer

under the file name "24-ATRITT."
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1 3 DESCRIPTION OF ATTRITION ALGORITHM W/CE4 DESIGN SECTION I

The proposed attrition algorithm is centered around the results of

a high-resolution combat simulation model. The algorithm, as previously

stated, is designed to extrapolate the attrition results (killer/victim

scores) from those generated by the high-resolution model to those

appropriate to combat situation as generated by the CEM. This extrap-

olation includes the effects of fire allocation as a function of target

and shooter availability. The required data inputs take the form of:

1. The quantity of weapons, by type, killed by each type

of shooter (killer/victim scores).

j 2. The quantity of rounds fired at each type of weapon

by each type of shooter.

1 3. The quantities of weapons of each type on each side.

4. The stowed load of amno (rounds) with each type of

* Iweapon.

The particular advantage of using the killer/victim scores is that they

Freflect the engagement attrition as simulated in the high-resolution model
as a function of:

1. Target acquisition

2. Fire allocation and ammo expenditure

3. Target and shooter availability

These killer/victim scores are also influenced by sensors, intelligence,

commnication, and the weather conditions which existed in the high-resolution

model. These conditions will carry forward throughout the CEM; i.e. care-

ful attention to the quality of the scenario and data input to the high-

resolution model is required.

f Figure 1 is a macro flow diagram showing the sequential process

from the generation of killer/victim scores to the attrition calculations

in the CEI. The proposed attrition algorithm is set up in two phases.

The first phase (see Figures I and 2) resides in the CE4 preprocessor.rIts function is: (1) read (tape or disk file) the killer/victim scores

/.

- . " . .. .... .



I

HIGH- FORCERESOLUTION SCE

Li MODEL

KILLER/
VICTIM

SCORES,
AMMO

EXPENDITURE,
D UNTITY

OF WEAPONS,
STOWED

PREPROCESSOR, BUILD RESOLUTION
DATA ARRAYS& ERROR

CHECK INPUT DATA

FR FORCEC

~MAIN

DESCMODELO

ILE S MAINE

MODEL w/ MOOIFIED
ATTRITION LOGIC

.
Figure 1. High-Resolution Model/CEM

F i4 -

4 . . . . .. .iIII



~ONEJ

COMPUTE THE AVERAGE-OUANT
COMPUTE THE O AGTI:PROBA%LITY OF KILL F TARGET

&PR i SHOOTER. i j
i TARGET TYPES: E.~K1

r~ ~ ii (K1)/(Fij,2) n1 n. 1 jn,~fj

SET TE ATRITIN TOSET THE INITIAL VALUE OF THE

THE ithTARGET TYPE BY _____________INTRINSIC WEAPON VALUE TO 1.0

ii ~THE ith SHOOTER TYPEI, 1.

COMPUTE TEST FOR INTRINSIC
I nw VALUE CONVERGENCE

1 ( ) 1__[AT_ _(I____ _____

L CONV i old

0N

YE
iAl

Figure 2. Phase I of Attrition Calibration Algorithm

E 5



FAl

SET HE IITIA FRATIONCOMPUTE FRACTION OF TIME NO

SET TME INALSOOE FTON TARGET OF TYPE j AVAILABLE.1 OF IMASHOEOFTP HAS NO TARGET OF TYPE TO SHOOTER TYPE
AVAILABLE Fii j[4-i~Xj(0ld) ) Pi,( I4

VXij(old) *0.9 inw I I Jod)pj rae

MAKE SURE Xij FRACTION COMPUTE TEST FOR CONVERGENCE
BETWEEN 0 AND 1 O i

'IMAX(X 1 .0). MIN(X 1 .1) CONV i 1- (ew

[ YES

1. COMPUTE TARGET
AVAILABILITY

1 82

Figure 2. Phase I of Attrition Calibration Algorithm
(Continued)

Mwpcn-ia6



STFRACTION OF ARTILLERY COMPUTE LETHALITY OF

SET DIRECT FIRE
FOR COUNTER BATTERYmCii

DIRECT FIRE 3- AT1 ii (RatelLlJ(old))

SET INITIAL Li 0.1 ljaiL1-l(d)""5 lJ

COMPUTE CONVERGENCEjTEST OVC P
CONYW 1-

i ij0d

MOE

Figure 2. Phase I of Attrition Calibration Algorithm

(Continued)

7



!

I and other data (see Table 2 in the appendix) generated by the high resolu-

tion model, (2) compute a weapon's relative contribution (intrinsic value)

fto inflict enemy losses as a function of:

a. Target vulnerability

j b. Target availability

c. Shooter availability

d. Target threat

and (3) compute that fraction of an assessment cycle a weapon is available

r as a target based on:

a. The quantity of rounds expended by the ith type shooter

against the jth type target.

! b. The probability of the ith type shooter killing the jth

type target.

c. The quantity of the ith type shooters.

d. The intrinsic value of the jth type target to the

ith type shooter.

e. The rate of fire of the ith type shooter against the

jtI type target.

The flow diagram in Fig. 2 shows Phase I of this algorithm as

it was tested using data generated by the high-resolution model CARMONETTE.'

LReferring to Fig. 2: the following data is required for Phase I:

K ij - killer/victim scores of the ith shooter type

against the jth target type.

1 Fij - quantity of rognds fired by the ith shooter type

against the jt target type.

Ni - quantity of shooters of type i.

Rate i - stowed amino load by weapon type.TF
Due to the unavailability of the division-level Combat Sampler Generator
model (currently under development at CAA) results from the CARMONETTE
model were used to generate the required killer/victim scores and other
data.f8
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I The CEM is divided into three parts. The first part is the pre-

processor, which reads the scenario input data and builds "packed" dataIarrays for the main model. The second part is the main model which simu-
lates the theater combat; and the third part is the postprocessor, which

generates the reports. As shown in Fig. 1, the preprocessor scans the

input data for errors. It is therefore the logical place to scan the

high-resolution model data, such as weapon type, for inconsistencies

between the CEM weapon type descriptions and those used in the high reso-

lution model. For example, if there are four types of tanks used in

* ,the high-resolution model and five types of tanks used in the CEM weapon

description, an error exists. Additional error checking should include

.b checking the probability of kill (Pij), as generated in Phase I of this

Nalgorithm, to make sure none exceed 1.0. Phase II of this algorithm,

which extrapolates the attrition to differing weapon mixes, should be

executed in the CEM preprocessor with the weapon count equal to that

' Tused in the high-resolution model. Since the weapon count is equal to

that used in the high-resolution model, the attrition, as computed by

Phase II, should equal that generated by the high resolution model. If

Uthe results are not reasonably close (see Table 1 for an example), then

additional checking of the high-resolution data is indicated.[
* The process of interface between the high resolution model and the

CEM preprocessor must be computerized. The magnitude of data required

for this proposed attrition calibration process would otherwise be unmanage-

able. For example, the maximum data requirement is: 50 weapon types on each

side (50 types of killers times 50 types of victims - 2500) times the

8 possible engagement types times the 4 possible terrain types times the

j2 types of data arrays required (killer/victim and rounds fired), yields

FW 2500 x 8 x 4 x 2 - 160,000 data item

The output from the computatica in Phase I, CEM preprocessor, is

an array of target availabilities (A1j). Recall that (Ajj) is that

9
V,
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TABLE 1

EQUAL FORCE ATTRITIONS

Weapon CARMONETTE Phase IIType Attrition Attrition

1: B1  4.12 4.25

B2  4.32 4.71
B B3  0 0.20

* B4  0.13 0.16

I B5  0 0.03

B6  2.13 2.10

B7  0.53 0.56

0 0

R1 54.06 53.94

R2  1.06 0.95

R3  12.72 12.44

SR 4  3.92 4.04

R5  0 0

[ R6  0 0

[

[
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I fraction of an accessment cycle for which the jth type target is avail-

able to the ith type shooter. This array along with other arrays suchI as the probability of kill (given a shot) of the ith type shooter against

the jth target type (Pij) and the ammo stowed load by weapon type i

(rate i ) are "passed" from the CEM preprocessor to the CEI main combat

model. The main combat model of the CEM then uses this data and Phase II

of the attrition algorithm to compute battle attrition (based on varia-

Ltions in weapon mix as a function of each CEM engagement).
3, As shown later (Fig. 4), Phase II is an iterative solution of a

series of equations. The first step is to compute the fire allocated

(Fij) by the ith type shooter against the jth type target. This compu-

tation is a function of:

I 1. That fraction of an assessment cycle (in the CEM this is

12 hours) for which the jth type of target is available to

I the ith type of shooter (Aij).

2. The rate of fire for the ith type of shooter (Rate i)"

3. The average quantity of the jth type of target in the

engagement (nj).

4. The probability that the ith type of shooter kills, per

* round, the jth type of target (Pip.

5. The relative intrinsic weapon value (Ij). The first

iteration of Phase II uses the (Ii) value as computed in[, Phase I of this algorithm. Each subsequent iteration of

Phase II computations will use the (Ii) value computed

[ during the previous iteration.

The second step is to compute the attrition to the jth type of target

by the ith type of shooter (ATij). This is a function of the quantity of

the ith type shooters (i) in the engagement times the number of rounds

allocated by the ith type shooter against the jth type target (Fij) times

the probability of a kill (Pij) per round. The third step is to compute

F: 11I
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a "new" intrinsic value for each weapon (Ii) based on:

1. The quantity of the ith type of shooters.

2. The attrition (ATij).

3. The intrinsic weapon value (I.).

The iteration of these steps continues until the difference between the

weapon attrition (ATij), as computed during the present iteration, does

not significantly differ from that of the previous iteration, (i.e., the

r [solution coverages). Experience, to date, has shown that 8 to 10

iterations are required to meet a convergence criterion of (0.01).

J3.1 ESTIMATION AND ASSESSMENT MODIFICATIONS

In the current version of the CEM, each unit computes a measure of

1, the strengths of his own forces and of those opposing him. A component

of this measure is the unit's state, which represents the unit's present

* 3 firepower divided by the unit's full TOE firepower. The unit's state

is used as an indicator of the potential mission a unit may undertake.

It is therefore an indicator of potential force value relative to a

Lparticular mission. To rid the CEM completely of firepower scores,

research is needed to derive a "force value" that correlates with the

new attrition process. However, for the time being some form of fire-

* power scores must remain a part of the CEM to allow for the situation

estimation.

For the battle assessment process the firepower scores can be

deleted, insofar as the killer/victim score are available. The major

break (modification) to the CEM is to void that portion of the assess-

lment logic for which the proposed attrition algorithm, Phase I, can be

substituted. As shown in Figs. 3, 4, and 5 this proposed attrition algo-

rithm is a subroutine which, for the CEM's assessment logic, replaces

the CEM subroutine MYOUT. As the subroutine MYOUT is currently shared

by both the CEM's situation estimation and assessment, only that portion

of MYOUT which deals with assessment is deleted. The subroutine MATSUM

generates the firepower matrix for both the situation estimation and

) 12r1
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Figure 3. CEM Attrition Modifications
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Iassessment. The assessment logic should be removed. This assessment

logic, in both MYOUT and MATSUM, is identified by the switch KPRSW - I

.- (KPRSW- 0 is for estimation). Note for those weapons such as CAS, for

which there may not be killer/victim scores, the foregoing subroutines1. will continue to build that portion of the firepower matrix as required
for battle assessment.

1.. During the battle assessment logic a new subroutine (ATTRIT) is
"called." ATTRIT, as shown in Figs. 3 and 5, will set up the weaponK L counts by type for each subsector engagement and modify the weapon counts
according to the fraction of the unit engaged. Any constraints due to

-I AMMO/POL/or OTHER supply shortages, as computed by the subroutine PQMOD,

will reduce the quantity of weapons in the engagement. In the absence

of killer/victim scores for the artillery and/or close air support, that

portion of MATSUM which sums the firepower matrix into one such matrix

must be duplicated in ATTRIT. That portion of the weapon description

array (WPNBUF) which hold the firepower for each weapon type for each
engagement type is deleted. Other portions of the battle assessmentfsuch as RESLOS (reserve unit losses) must, in the absence of killer/
victim scores, continue to use the firepower scores for attrition.

The output of the subroutine (ATTRIT) is the attrition by weapon

* gE. type. This replaces much of the present subroutine (CASL). Much of that

I portion of CASL which remains, calculations and bookkeeping of DNBI, KIA

and other such operations, will have to be rewritten. The current sub-

routines (TNKAPC and HELOSS) can be voided with the exception of the

repairable and abandonment computations. The remaining portion of these

[two subroutines which compute the repairable, etc., should be called by

(ATTRITT). Since the ammo expenditures are computed by the new attrition

ralgorithm, this computation is handled in the new subroutine ATTRIT. The

Lsubroutine DECRMT (decrements losses from unit's status file) and CRQMT
(sums losses and resupply requirements across the entire theater) remain

V. as they are.

17
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3.2 BEHAVIORAL ANALYSIS

The results of six parametric variations (weapon counts) are

shown in Figs. 6 and 7. The first test applied to the attrition algo-

rithm was to determine if, given an array of killer/victim scores from

* the CARMONETTE model, Phase II would reproduce the same attrition results

given the same weapon counts. As shown in Table 1, the attrition algo-

I rithm did reproduce the input data. The next series of parametric varia-

tions changed the quantity of all Red weapons from one-fourth to ten times

the CARMONETTE inputs. In Figs. 6 (attrition) and 7 (ammo expenditure)

- the horizontal axis is the quantity of Red weapons as just described.

TIn Fig. 6 the vertical axis is the total weapon attrition for the Red

" 3. weapon RI) and the Blue weapon (Bl). The attrition (Fig. 6) as calcu-

lated by the proposed attrition algorithm, shows all the Blue weapons

° 3 of type 1 are killed when the Red weapon count is about three times the

CARMDNETTE inputs. Red attrition however, reaches a maximum when the

I weapon count is about 2.6 times the quantity used in the CARMONETTE run.

As the Red force is increased beyond this point the Red attrition declines.[The derivation of these numbers, in this case the CARMONETTE model, has

built-in the target acquisition system (target availability Aij), and an

pf implied fire rate. As long as targets are available and weapons can engage

them, increasing the quantity shooters on one side will increase the oppos-

* ing side's attrition. In this example, as the Red force (quantity of

weapons) increases, Blue is capable of attriting Red up to a point of

saturating his (Blue's) target acquisition and firing systems; i.e.,

Blue's fire rate is fully committed; thus additional Red targets cannot

be "serviced" by the Blue weapons. Red on the other hand, may engage

IBlue by multiple shooters per target. Under such conditions Blue's

attrition is quick and complete. The faster Red can attrit the Blue

shooters the more Red weapons survive. Figure 7 reinforces the fore-[ going by showing Blue's rounds (amo) expended as "peaking" at about 125

rounds for the assessment cycle for all Blue type 1 weapons. As the

'[ 18
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